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a  b  s  t  r  a  c  t
Effects  of  feeding  supplements  which  contained  ground  sunﬂower  seeds  in  a pelleted  versus
non-pelleted  concentrate  treated  with,  or without,  50 g/kg lignosulfonate  were  evaluated
in 8 multiparous  Holstein  cows  under  grazing  conditions.  Cows  were  assigned  to  a double
4 ×  4 Latin  square  design  experiment  with  four 21  d experimental  periods.  Whole  diet total
tract apparent  digestibility,  dry  matter  (DM)  intake,  milk  production,  milk  composition,
ruminal  fermentation  characteristics  and  milk  fatty  acid  proﬁle  were  determined.  At  the
beginning of  the  experiment,  cows  were  556  ±  39.8 kg of  body  weight  and  100  ±  62.6  d
in milk.  There  was  no  interaction  between  pelleting  and  lignosulfonate  for any  parameter
studied.  Lignosulfonate  and  pelleting  had  no  effect  on DM  intake  (i.e.,  concentrate  +  pasture)
and lignosulfonate  had  no  effect  on  nutrient  intakes  (i.e.,  concentrate  + pasture).  Intake  (i.e.,
concentrate  +  pasture)  of  ether  extract  was lower  for  cows  fed  pelleted  than  for those  fed
non-pelleted  concentrates,  but  there  was  no  difference  among  treatments  in  total  intake  of
other  nutrients.  Pelleting  had  no  effect  on  digestibility,  but decreased  milk  fat concentration.
Milk  production,  milk  concentrations  of  crude  protein,  lactose  and  total  solids,  and  milk
yields  of crude  protein  and  fat  were  similar  among  treatments.  Pelleting  had  more  effects
than lignosulfonate  treatment  on  milk  fatty  acid  proﬁles,  with  concentrations  of  trans11-
18:1 and  conjugated  linoleic  acid  (CLA)  being,  respectively,  178%  and  200%  of  those  found
in milk  fat  of  cows  fed non-pelleted  concentrates.  Pelleting  may  improve  the  nutritional
value  of  concentrates  containing  ground  sunﬂower  seeds  as a source  of  CLA precursors  in
milk  fat  of grazing  dairy  cows.  However,  there  was  no  positive  additive  or synergistic  effect
between  lignosulfonate  treatment  and  pelleting.
© 2011 Elsevier B.V. 
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1. Introduction
Milk fat is an important determinant of milk’s nutritional quality. For example, the major isomer of conjugated linoleic acid
(CLA) in ruminant milk is rumenic acid (cis9,trans11-18:2, and it exhibits anticarcinogenic and anthiatherogenic properties
(Wahle et al., 2004). Rumenic acid is produced from dietary linoleic acid and by delta 9-desaturase from the trans11-
18:1 in animal and human tissues (Shingﬁeld et al., 2008). Sunﬂower seed is rich in linoleic acid (660 g/kg of total fatty
acids) and increases the concentration of CLA in milk fat (He et al., 2005). Linolenic acid (cis3-18:3) also contributes as
precursors of CLA and trans11-18:1 (Chilliard et al., 2007). Indeed, pasture is rich in linolenic acid and cows on pasture have
been shown to have higher concentrations of CLA in milk fat than those consuming conserved forages (AbuGhazaleh et al.,
2007).
Concentrate processing and physical form of the diet can affect rumen fermentation characteristics and dairy cattle
performance. Compared with unpelleted meal, pelleting of concentrate can reduce particle size, which may  increase the
available surface for microbial degradation and enhance substrate fermentation (Bertipaglia et al., 2010). Thus pelleting
may increase release of linoleic acid in sunﬂower seed and adversely impact ruminal fermentation and milk production,
as was shown for soybean oil (Chouinard et al., 2001), another rich source of linoleic acid. However, previous results have
shown that lignosulfonate treatment of oilseeds rich in linoleic acid, such as full-fat soybeans, tends to increase concentra-
tions of CLA in milk fat (Neves et al., 2007). Lignosulfonate, which is a byproduct of the wood industry, decreases ruminal
degradability of crude protein (CP) and increases the ruminal undegraded CP concentration of full-fat soybeans by up to 173%
(Petit et al., 1999). Since the bioavailability of dietary protein can be reduced by heat processing, it was  hypothesized that
the temperature and/or pressure conditions associated with commercial pelleting of concentrates would inﬂuence rumi-
nal biohydrogenation of fatty acids. Indeed, rumen protection of CP usually parallels fat (Khorasani et al., 1992) and could
overcome negative effects of supplemental fat on ruminal digestion (Jenkins, 1993). Protection against ruminal biohydro-
genation can also improve digestibility and yield of milk, as reported for dairy cows fed Ca salts of fatty acids from canola
oil, soybean oil and linseed oil (Chouinard et al., 1998). Thus lignosulfonate and pelleting could contribute to a more gradual
release of oil in the rumen, and a higher rumen escape of dietary CP, which may  combine to improve milk production of
dairy cows.
The objectives of this experiment were to determine effects of pelleting and lignosulfonate treatment of concentrates
based on ground sunﬂower seeds on DM intake, digestibility, ruminal fermentation characteristics, milk production, milk
composition and the milk fatty acid proﬁle of grazing dairy cows. Additionally, because pasture and sunﬂower seed both
contain CLA precursors, this study aimed to detect additive or synergistic effect between them.
2. Materials and methods
2.1. Cows and diets
This study was part of a larger research program concerning oilseed processing and milk quality reported elsewhere
(Neves et al., 2009). Eight multiparous Holstein cows averaging 556 ± 39.8 kg of body weight (BW) and 100 ± 62.6 d
in milk were assigned to a double 4 × 4 Latin square design (one square of four rumen ﬁstulated cows and one
square of four non-ﬁstulated cows) to determine effects of pelleting and lignosulfonate treatment of sunﬂower seed
on DM intake, total tract digestibility, milk production, milk composition and milk fatty acid proﬁle. Each experimen-
tal period consisted of 14 d of adaptation to diets and 7 d for data collection of DM intake and digestion. The four
experimental treatments (Table 1) consisted of non-pelleted concentrate (NPCO), pelleted concentrate (PECO), non-
pelleted concentrate treated with 50 g lignosulfonate/kg DM lignosulfonate (NPLI), or pelleted concentrate treated with
50 g lignosulfonate/kg DM lignosulfonate (PELI). Sunﬂower seeds used in the four concentrates were ground through a 5 mm
screen using a Nogueira DPM-2 chopper (Irmãos Nogueira S.A. Máquinas Agrícolas e Motores, Itapira, São Paulo, Brazil)
and added at 427.4 g/kg DM.  The lignosulfonate solution was prepared with Lignosol (Melbar, São Paulo, SP, Brazil) and had
740 g/kg and contained 27 g/kg DM of xylose. The lignosulfonate solution was  added at 50 g/kg DM after grinding the seeds,
but before pelleting concentrates, as a similar concentration of lignosulfonate was  shown to decrease CP degradability and
increase milk yield (Wright et al., 2005). Pelleting of concentrates for PECO and PELI treatments was  with a 40 HP pelleting-
machine (Indústria e Comércio Chavantes Ltda, Chavantes, SP, Brazil) without steam addition at a 75 ◦C exit temperature.
Yield averaged 900 kg/h and the die diameter was  4.5 mm.  New batches of concentrates were made for each of the four
periods but the same lot of ground sunﬂower seeds was used for the whole experiment.
Cows grazed pastures with primarily bermudagrass (Cynodon dactylon (L.) Pers.) and they remained on pasture 24 h/d
except during milking times at 06:45 and 15:30 h. Three paddocks were used for the study. Grazing was initiated when
pasture height equaled or exceeded 30 cm and terminated at a height of 15 cm.  Cows were individually fed experimental
concentrates for a 45 min  period after each milking. Intake of concentrates was recorded for each cow after each feeding
and amounts offered were adjusted to allow 100 g/kg refusals as fed. Milk production was recorded at every milking. The
experiment was conducted at the Iguatemi Experimental Farm of the Maringa State University in Brazil. Cows were weighed
on days 1 and 21 of each experimental period. The experimental protocol complied with guidelines of the Canadian Council
on Animal Care (CCAC, 1993).
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Table  1
Chemical composition of non-pelleted concentrate (NPCO), pelleted concentrate (PECO), non-pelleted concentrate treated with 50 g/kg DM of lignosulfonate
(NPLI)  or pelleted concentrate treated with 50 g/kg of DM of lignosulfonate (PELI).a
Lignosulfonate Without With Pb
Pelleting No Yes No Yes SEM Pelleting Lignosulfonate Interaction
Treatment code NPCO PECO NPLI PELI
Chemical analysisb
DM (g/kg fresh weight) 921.9 929.8 923.0 940.1 2.51 0.02 0.002 0.88
CP  (g/kg DM)  242.7 223.9 228.2 216.4 2.84 <0.001 0.004 0.25
Ether  extract (g/kg DM) 167.1 169.1 167.4a 161.7b 2.78 0.03 0.60 0.01
aNDF (g/kg DM) 179.1 173.0 176.2 173.5 2.57 0.12 0.65 0.53
ADF  (g/kg DM) 106.2 113.3 108.9a 97.8b 2.01 0.35 0.01 0.001
OM  (g/kg DM) 892.4 893.3 895.7 891.7 1.96 0.45 0.68 0.25
Fatty  acids (g/kg total fatty acids)b
16:0 81.9d 82.6c 90.9a 89.4b 0.02 <0.001 <0.001 <0.001
18:0  59.7c 59.2d 67.9a 67.1b 0.05 <0.001 <0.001 0.03
cis9-18:1  195.5d 201.3c 209.1a 201b 0.05 <0.001 <0.001 <0.001
cis7-18:1  6.3d 6.9c 6.8b 7.2a 0.01 <0.001 <0.001 <0.001
cis6-18:2  651.3a 644.5b 618.7d 629.3c 0.04 <0.001 <0.001 <0.001
cis3-18:3 5.3d 5.5c 6.5a 5.9b 0.04 <0.001 <0.001 <0.001
Means within rows and lignosulfonate treatment with different letters differ (P<0.05).
a Contained 225.3 g/kg DM ground corn grain, 231.4 g/kg DM soybean meal (480 g/kg CP, solvent), 31 g/kg DM mineral and vitamin supplement, 47 g/kg
dicalcium phosphate, 15.5 g/kg sodium bicarbonate, 14 g/kg limestone, 8.4 g/kg salt and 427.4 g/kg ground sunﬂower seeds. The mineral and vitamin
supplement contained 270 g/kg of Ca, 80 g/kg of P, 20 g/kg of Mg, 20 g/kg of S, 2200 mg/kg of Fe, 2800 mg/kg of Zn, 800 mg/kg of Cu, 801 mg/kg of F,
60  mg/kg of I, 50 mg/kg of Co, 40 mg/kg of Se, 216,000 IU/kg of vitamin A, 67,600 UI/kg of vitamin D3, and 500 IU/kg of vitamin E.
b Mean of 4 pool samples prepared by compositing 6 daily samples collected from day 15 to 20 of each period.
2.2. Experimental procedures
Samples of concentrates and refusals were collected daily from day 15–20, frozen, and pooled on a period basis by cow.
Pasture samples were obtained on day 15, 17, 19, and 21 by tossing a quadrat (1.0 m2) three times within the most recently
grazed paddock (n = 12 samples/intake period). Samples of pasture were pooled on a period basis by paddock to obtain one
sample/period for chemical analysis. Pastures were grazed to a 15 cm stubble height. Composite samples of concentrates,
refusals and pasture were mixed thoroughly and subsampled for chemical analyses. To calculate fecal output, a capsule
of chromic oxide (Cr2O3) was inserted into the rumen of the ﬁstulated cows (n = 4) and given orally to the non-ﬁstulated
cows (n = 4) once daily at 09:00 h from day 11 to 20, supplying a total of 15 g of Cr2O3/d. Samples of feces (100 g) were
collected from all cows for 6 consecutive days at 08:00, 10:00, 12:00, 14:00, 16:00 and 18:00 h of each experimental period,
respectively, for days 15–20, and kept frozen. Fecal samples were dried at 55 ◦C for 48 h and ground to pass a 1 mm screen
in a Wiley mill. Equal DM from each fecal subsample was mixed to obtain a single composite for each sampled cow during
each period.
Ruminal contents were collected from the four rumen ﬁstulated cows on day 18 of each period at 0, 2, 4, 6 and 8 h
after the morning meal from the anterior dorsal, anterior ventral, medium ventral, posterior dorsal, and posterior ventral
locations within the rumen to obtain a representative sample. Fistulated cows were brought from pasture to the barn at
each collection time for rumen sampling. Ruminal pH was  monitored immediately after sample collection with a portable
pH meter (HI 931000 pHmeter, Hanna Instruments, Ronchi di Villafranca, PD, Italy). The ruminal contents were strained
through four layers of cheesecloth. One 15 ml  aliquot of ﬁltered ruminal ﬂuid was acidiﬁed with 0.3 ml  of H2SO4 (0.5, v/v)
and frozen at −20 ◦C for later determination of volatile fatty acids (VFA) and ammonia N concentrations.
Milk samples were obtained from the four consecutive milkings on days 15 and 16 of each experimental period and pooled
within cow and period weighted to production to obtain one composite milk sample/cow/period for chemical analysis. Milk
samples were kept at room temperature (i.e., 23 ◦C) with the preservative, 2-bromo-2-nitropropane-1,3 diol (Bronopol, D&F
Control Systems Inc., San Ramon, CA, USA), for determination of CP, fat and lactose concentrations. One sample of each
sampling day without preservative was kept frozen to determine milk fatty acid proﬁle and milk urea N concentration.
2.3. Chemical analyses
The DM of the concentrates, pasture, refusals and feces was determined in a forced air oven according to procedure
934.01 of AOAC (1990).  Concentrates, pasture and refusals were ground to pass a 1 mm screen in a Wiley mill before
analyses of N, ether extract (EE), ADF and aNDF. Total N determination used a Tecnal TE-036/1 (Piracicaba, São Paulo, Brazil)
following procedure 990.03 of AOAC (1990).  Concentrations of neutral detergent ﬁber (aNDF) inclusive of residual ash and
acid detergent ﬁber (ADF) inclusive of residual ash were measured according to the nonsequential procedures of Van Soest
et al. (1991) with the use of amylase but without sodium sulﬁte in the neutral detergent solution. Ether extraction in diets was
with Tecnal TE-044/1 (Piracicaba, São Paulo, Brazil) according to method 7.060 of AOAC (1990). Indigestible aNDF was used
as an internal marker to estimate pasture intake (Cochran et al., 1986). Preparation of pasture, concentrate, orts and fecal
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residues from in situ incubation followed by NDF extraction was similar to the technique described by Ellis et al. (1984) for
preparation of indigestible aNDF (i.e., aNDF remaining after 144 h of in situ incubation). Coefﬁcients of apparent digestion of
dietary components were determined by comparing dietary indigestible aNDF concentration (corrected for that in orts) with
fecal indigestible aNDF concentration as outlined by Cochran et al. (1986).  Fecal output (DM basis) was  calculated from marker
concentration using the following formula: Fecal output (g/d) = Cr dose (mg/d)/Cr in feces (mg/g feces). The contribution of
pasture to fecal output was estimated after total fecal output was corrected for contribution of the concentrate by subtracting
the indigestible aNDF fraction of concentrate from total fecal output. The indigestible aNDF content of pasture and feces was
used as an internal marker to estimate intake using the following formula:
Pasture DM intake (kg/d) = ((indigestible aNDF in feces, kg/d) − (indigestible aNDF in concentrate, kg/d))
(indigestible aNDF in forage (kg/kg forage)
The N, fat and lactose concentrations in milk were determined by infrared spectroscopy (Bentley model 2000; Bentley
Instrument, Inc., Chaska, MN,  USA) following procedure 972.16 of AOAC (1990). Concentrations of milk urea N were deter-
mined according to Marsh et al. (1965).  Milk somatic cell counts (SCC) were obtained using an electronic counter (Somacount
500®, Chaska, MN,  USA) as described by Voltolini et al. (2001).
Fat in milk was separated by centrifugation as described by Murphy et al. (1995) and fatty acids in milk fat were methylated
according to method 5509 (ISO, 1978) using KOH/methanol (Synth®, São Paulo, Brazil) and n-heptane (Vetec®, Rio de Janeiro,
Brazil). Fatty acid methyl ester proﬁles were measured at a split ratio of 1:100 by GLC on a Varian chromatograph (Palo Alto,
CA, USA) with a G1315A autosampler equipped with a ﬂame ionization detector and a CP-7420 fused silica capillary column
(100 m and 0.25 mm i.d., 0.25 m ﬁlm thickness). The column parameters were: Initial column temperature of 65 ◦C was
maintained for 4 min; the temperature was then programmed at 20 ◦C/min to 170 ◦C; this temperature was maintained for
22 min  and then increased 6 ◦C/min to 235 ◦C and remained at this temperature for 12 min. Injector and detector temperatures
were 220 and 240 ◦C, respectively. The carrier gas was hydrogen at 1.2 ml/min. Hydrogen ﬂow to the detector was  30 ml/min,
airﬂow was 300 ml/min, and the ﬂow of N2 make-up gas was 30 ml/min. Fatty acid peaks were identiﬁed using pure methyl
ester standards of the CLA isomers cis9,trans11-18:2 and trans10,cis12-18:2 (cat#05632; Sigma-Aldrich Brazil Ltd., São Paulo,
SP, Brazil) and a commercial mixture of fatty acids (cat#18919; Sigma–Aldrich Brazil Ltd.). Separations of all fatty acids were
obtained in a single chromatographic run.
Samples of rumen ﬂuid were thawed and centrifuged (15,000 × g for 50 min  at 4 ◦C). Concentrations of VFA in the super-
natant were analyzed according to Palmquist and Conrad (1971).  A 0.1 l aliquot was injected into a GLC (Hewlett Packard
5890 Series II GC system; Milford, MA,  USA) with a 4 mm id × 120 cm glass column packed with 10% Carbowax-20 M-
terephthalic acid on 60/80 mesh acid-washed Chromabsorb W AW column packing (Supelco Inc., Bellefonte, PA, USA) and
ﬁtted with an autosampler (Hewlett Packard 6890 Series Injector, Milford, MA,  USA). The column temperature was  120 ◦C.
Nitrogen was the carrier with a ﬂow rate of 20 ml/min, and oxygen and air were used as detector gases with ﬂow rates of
400 and 30 ml/min, respectively. Samples were corrected for recovery with an internal standard (2-methyl butyric). Hewlett
Packard 3396 Series II software was used for chromatogram integration and analysis. The concentration of ammonia N in
the rumen ﬂuid was determined by diluting 15 ml  of ruminal ﬂuid and distilling and titrating the released ammonia by a
Kjeldahl procedure (method 990.03 of AOAC, 1990) using KOH in place of NaOH.
2.4. Statistical analysis
Data on fecal output, feed intake, and milk production were averaged over the 6 d of the ﬁnal week of each period and
subjected to analysis of variance. All results were analyzed using the MIXED procedure of SAS (2000) within a 2 × 2 factorial
arrangement of treatments. Data on digestion, milk production, milk composition, and feed intake were analyzed using a
replicated 4 × 4 Latin square design with the general model:
Yijkl =  + Si + Cj(i) + Pk + Hl + Om + HOlm + eijklm
where: Yijkl = the dependent variable,  = overall mean, Si = effect of square (i = 1–2), Cj(i) = effect of cow within square
(j = 1–4), Pk = ﬁxed effect of period (k = 1–4), Hl = ﬁxed effect of pelleting, Om = ﬁxed effect of lignosulfonate treatment,
HOlm = interaction, and eijklm = residual error. Data on ruminal fermentation characteristics (i.e., pH, VFA, ammonia N) were
analyzed as repeated measurements using PROC MIXED of SAS. Signiﬁcance was declared at P≤0.05 and a trend was  accepted
at 0.05<P≤0.10, unless otherwise stated.
3. Results
Pelleting and lignosulfonate treatment increased the DM content of the concentrates and decreased CP concentration
(Table 1). Concentrations of EE and ADF of lignosulfonate treated concentrates were decreased by pelleting but it had no
effect on EE concentration of concentrates untreated with lignosulfonate. Concentrations of organic matter, CP, EE, aNDF
and ADF in pasture available to the cows averaged 927.3, 202.1, 21.5, 724.8 and 362.4 g/kg DM for the 4 periods (data not
shown).
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Table  2
Nutrient intake (concentrate + pasture) and whole diet (concentrate + pasture) total tract apparent digestibility (TTAD) of Holstein cows fed non-pelleted
concentrate (NPCO), pelleted concentrate (PECO), non-pelleted concentrate treated with 50 g/kg DM of lignosulfonate (NPLI) or pelleted concentrate treated
with  50 g/kg of DM of lignosulfonate (PELI).a
Lignosulfonate Without With SEM Pb
Pelleting No Yes No Yes Pelleting Lignosulfonate
Treatment code NPCO PECO NPLI PELI
Intake (kg/d)b
DM 12.70 10.86 12.81 12.84 0.848 0.30 0.23
OM  11.97 10.20 12.02 12.00 0.788 0.27 0.25
CP  2.87 2.34 2.76 2.74 0.176 0.13 0.41
EE 1.00 0.89 1.02 0.92 0.052 0.04 0.61
ADF  3.46 2.97 3.54 3.54 0.315 0.44 0.31
aNDF  6.76 5.70 6.89 6.98 0.636 0.45 0.28
TTADb
DM 0.512 0.507 0.509 0.508 0.0068 0.66 0.86
OM  0.615 0.612 0.606 0.608 0.0076 0.98 0.39
CP  0.694 0.665 0.671 0.656 0.0147 0.14 0.28
EE  0.869 0.869 0.883 0.868 0.0139 0.58 0.64
aNDF 0.470 0.453 0.476 0.472 0.0254 0.68 0.62
ADF  0.410 0.415 0.417 0.402 0.0298 0.88 0.92
a n = 8.
b There were no interactions (P>0.10) between pelleting and lignosulfonate.
There was no interaction between pelleting and lignosulfonate on any parameter measured in the experiment. Ligno-
sulfonate and pelleting had no effect on DM intake (i.e., concentrate + pasture; Table 2) and lignosulfonate had no effect on
nutrient intakes (i.e., concentrate + pasture). Pelleting decreased and tended (P=0.081) to decrease, respectively, intake of CP
and EE from the concentrate, but had no effect on pasture intake. Total intake (i.e., concentrate + pasture) of EE was  lower
for cows fed pelleted, than for those fed non-pelleted, concentrates and there was no difference among treatments for total
intake of other nutrients. Lignosulfonate and pelleting had no effect on total tract apparent digestibility of DM,  CP, ADF and
aNDF.
Milk production and proportions of CP, lactose, total solids, and milk urea N and somatic cell scores were similar among
diets (Table 3). Pelleting tended (P=0.091) to decrease milk fat proportion. Pelleting and lignosulfonate had no effect on yield
of milk components.
There were sampling time × treatment interactions for ruminal proportions of propionate (P=0.027) and butyrate
(P=0.033), and interactions tended (P=0.054) to signiﬁcance for the proportion of valerate and production of VFA (Table 4).
Lignosulfonate had no effect on proportions of acetate, propionate, butyrate, iso-butyrate, iso-valerate, and concentrations
of total VFA and ammonia N in the rumen. Lignosulfonate tended (P=0.054 and 0.100, respectively) to increase the acetate
to propionate ratio and decrease the proportion of valerate. Pelleting had no effect on proportions of propionate, butyrate,
valerate, iso-butyrate, and iso-valerate, and concentrations of total VFA and ammonia N in the rumen. Pelleting decreased
the proportion of acetate and increased pH in the rumen and had no effect on the acetate to propionate ratio.
Table 3
Milk production and milk composition of Holstein cows fed non-pelleted concentrate (NPCO), pelleted concentrate (PECO), non-pelleted concentrate
treated with 50 g/kg DM of lignosulfonate (NPLI) or pelleted concentrate treated with 50 g/kg of DM of lignosulfonate (PELI).a
Lignosulfonate Without With SEM Pb
Pelleting No Yes No Yes Pelleting Lignosulfonate
Treatment code NPCO PECO NPLI PELI
Production (kg/d)
Milk 14.97 15.24 15.05 14.99 1.413 0.94 0.95
Crude  protein 0.44 0.43 0.43 0.43 0.032 0.94 0.89
Fat  0.49 0.47 0.54 0.45 0.050 0.26 0.73
Lactose 0.66 0.67 0.66 0.66 0.064 0.90 0.98
Composition (g/kg)
Crude protein 29.5 29.2 28.8 29.0 0.90 0.94 0.63
Fat  33.7 30.9 35.8 30.5 2.33 0.09 0.71
Lactose 43.6 44.1 43.7 44.0 0.75 0.61 0.98
Total  solids 115.6 113.6 119.2 112.9 2.61 0.12 0.59
SCSc 2.57 2.40 2.60 2.47 0.239 0.54 0.84
a n = 8.
b There were no interactions (P>0.10) between pelleting and lignosulfonate.
c Somatic cell score = log somatic cell count.
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Table  4
Ruminal fermentation characteristics of Holstein cows fed non-pelleted concentrate (NPCO), pelleted concentrate (PECO), non-pelleted concentrate treated
with  50 g/kg DM of lignosulfonate (NPLI) or pelleted concentrate treated with 50 g/kg of DM of lignosulfonate (PELI).a
Lignosulfonate Without With SEM Pb
Pelleting No Yes No Yes Pelleting Lignosulfonate
Treatment code NPCO PECO NPLI PELI
pH 6.44 6.61 6.43 6.71 0.067 0.01 0.48
Ammonia N (mg/100 ml)  24.5 23.0 23.3 20.8 2.59 0.45 0.53
Total  VFA (mM)  85.8 81.5 86.6 79.9 3.86 0.18 0.92
VFA  (mol/100 mol)
Acetate (A) 57.3 52.5 60.4 53.1 2.39 0.03 0.45
Propionate (P) 17.4 17.8 15.9 16.2 1.14 0.70 0.20
Butyrate (B) 7.9 7.5 7.6 7.2 0.54 0.50 0.60
Isobutyrate 0.91 0.98 0.77 0.85 0.087 0.39 0.15
Valerate 0.79 0.88 0.73 0.67 0.074 0.87 0.10
Isovalerate 1.60 1.84 1.31 1.66 0.199 0.16 0.26
A:P  3.33 3.00 3.83 3.44 0.220 0.13 0.05
a n = 4.
b There were no interactions (P>0.10) between pelleting and lignosulfonate.
Table 5
Fatty acid proﬁle (g/kg of fatty acids) of milk of Holstein cows fed non-pelleted concentrate (NPCO), pelleted concentrate (PECO), non-pelleted concentrate
treated with 50 g/kg DM of lignosulfonate (NPLI) or pelleted concentrate treated with 50 g/kg of DM of lignosulfonate (PELI).a
Lignosulfonate Without With SEM Pb
Pelleting No Yes No Yes Pelleting Lignosulfonate
Treatment code NPCO PECO NPLI PELI
4:0 7.90 8.05 8.34 6.94 0.981 0.53 0.73
6:0 4.61 4.89 4.71 4.18 0.474 0.79 0.53
8:0  3.41 3.52 3.48 3.10 0.311 0.67 0.58
10:0 6.90 7.20 6.99 6.15 0.698 0.69 0.50
12:0  9.33 9.88 9.33 8.74 0.755 0.98 0.46
14:0  44.9 46.3 45.3 41.6 3.51 0.75 0.55
cis9-14:1  5.70 5.63 6.12 5.44 0.372 0.32 0.77
cis7-14:1  5.50 5.05 5.12 4.67 0.252 0.08 0.14
15:0 10.3 10.5 9.3 9.9 0.46 0.43 0.11
cis7-15:1  2.65 2.52 2.56 2.42 0.097 0.17 0.31
16:0 170.5 161.4 175.7 168.9 6.08 0.20 0.30
cis11-16:1  2.71 3.42 2.48 3.91 0.331 <0.001 0.70
cis9-16:1  6.94 7.98 9.37 8.30 0.956 0.98 0.16
cis7-16:1 4.03 3.91 3.93 3.95 0.146 0.71 0.85
17:0  5.85 6.41 6.29 6.72 0.252 0.06 0.15
cis7-17:1  2.46 2.63 2.80 2.92 0.244 0.55 0.21
18:0  213.7 174.0 206.8 175.6 8.98 <0.001 0.77
trans-18:1c 53.9 90.2 45.9 86.9 5.95 0.00 0.35
cis9-18:1  316.5 309.1 325.6 324.0 9.45 0.64 0.22
cis7-18:1  3.09 3.29 3.85 3.35 0.356 0.68 0.26
trans-18:2d 6.67 7.01 6.16 6.77 0.297 0.12 0.22
cis6-18:2  37.1 33.9 36.7 31.9 2.58 0.13 0.65
cis9,trans11-18:2 12.0 24.6 11.7 22.6 2.19 <0.001 0.61
cis12,trans10-18:2 2.24 3.30 2.22 2.22 0.064 0.63 0.42
cis6-18:3  1.83 1.83 1.81 1.92 0.063 0.39 0.52
cis3-18:3  3.73 3.76 3.83 3.81 0.208 0.99 0.70
20:0  2.82 2.63 2.77 2.59 0.087 0.04 0.66
MUFAe 349.6 343.1 361.8 358.9 9.93 0.64 0.17
PUFAe 56.8 66.4 56.3 62.5 3.63 0.04 0.54
SFAe 480.2 434.8 479.2 434.5 9.91 0.95 0.01
n-3f 3.73 3.76 3.83 3.81 0.208 0.98 0.70
n-6g 38.0 34.8 37.6 32.9 2.56 0.13 0.66
n-6:n-3 14.09 12.88 13.57 12.15 0.828 0.12 0.46
Means within rows and lignosulfonate treatment with different letters differ (P<0.05).
a n = 8.
b There were no interactions (P>0.10) between pelleting and lignosulfonate.
c Total trans-18:1 isomers.
d Total trans-18:2 isomers.
e MUFA = monounsaturated fatty acids; PUFA = polyunsaturated fatty acids; SFA = saturated fatty acids.
f cis3-18:3.
g cis6-18:2 + cis6-18:3.
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Lignosulfonate treatment of concentrates had no effect on milk fatty acid proﬁle (Table 5). Pelleting tended (P=0.084)
to decrease milk fat proportions of cis7-14:1 and decreased those of 18:0 and 20:0. However proportions of cis11-16:1,
trans11-18:1, and cis9,trans11-18:2 increased with pelleting of concentrates. As a result, the proportion of saturated fatty
acids was lower, and that of polyunsaturated fatty acids was  higher, in milk fat of cows fed pelleted versus non-pelleted
concentrates.
4. Discussion
Although lignosulfonate addition modiﬁed the chemical composition of the concentrates fed, Neves et al. (2009) reported
no effect of lignosulfonate on canola seed composition. However the effects of pelleting on the chemical composition of our
concentrates based on sunﬂower seeds is in agreement with heat treatments such as extrusion increasing DM content and
decreasing CP content of canola seeds (Neves et al., 2009). In contrast, it is inconsistent with previous results that showed
no effect of pelleting on chemical composition of canola screenings (Pylot et al., 2000).
The lack of processing effects (i.e., pelleting and lignosulfonate treatment) on DM intake of concentrate and pasture may
be a result of the high forage quality, as suggested by the high CP content of pasture, and the low fat concentration in the
four concentrates. It has been suggested that concentrate intake of cows strip grazed on high quality forage such as irrigated
perennial pasture comprising ryegrass and white clover may  only be depressed when fat is included at concentrations
ranging from 220 to 300 g/kg DM (King et al., 1990). These concentrations, however, are higher than those of our concentrates
with values that averaged 163 g/kg DM.  Similarly, concentrate intake by grazing dairy cows on mixed pastures of alfalfa and
orchardgrass remains constant when fat is added up to 185 g/kg of concentrate DM (Schroeder et al., 2002). This may  suggest
that, although quality of forages under cooler versus warmer climate is greater (Evers, 2011), its fat concentration has no
effect on DM intake when fed below 185 g/kg of concentrate DM.
Although there was no difference in DM intake among diets, the numerically lower values for cows fed pelleted versus
non-pelleted concentrates resulted in lower intake of CP and EE for cows fed the former diet. Previous results have shown
that mechanical processing (i.e., cracking and grinding) may  decrease DM intake due to exposure of oil in the seed due
to breakage of the protective seed coat (Petit and Côrtes, 2010). These effects on DM intake may  be more important with
increased release of free oil in the rumen (Dhiman et al., 2000), or when total dietary ether extract level exceeds 60–70 g/kg
of the DM (NRC, 2001) because of reduced DM digestion. Intake of EE from the concentrate portion averaged 65, 66, 68,
and 58 g/kg of total DM for NPCO, NPLI, PECO, and PELI, which may  explain the lack of difference in DM intake among
diets. Similarly, previous researchers have suggested that crushing of oilseeds leads to a slower release of unsaturated fatty
acids from the cellular structure of the seed, which minimizes the inhibitory effects of supplemental fat on feed intake and
nutrient digestion in ruminants (Hussein et al., 1995; Murphy et al., 1987). A slow release of unsaturated fatty acids following
pelleting of concentrate may  also explain the lack of difference in nutrient digestibility.
Pelleting decreased the proportion of acetate and increased pH in the rumen. Higher ruminal pH has previously been
reported for sheep supplemented with sunﬂower oil, which was related to the antiprotozoal effect of linoleic acid present
in sunﬂower oil (Ivan et al., 2003). Therefore, it can be hypothesized that pelleting of concentrates resulted in more oil
released in the rumen compared to non-pelleted concentrates. Higher release of oil in the rumen may  also be responsible
for the decreased ruminal proportion of acetate (Schroeder et al., 2004) as we observed which, in turn, may  lower milk fat
proportion as a result of lower supply of acetate for milk fat synthesis (Van Soest, 1963).
Lower milk fat concentration is consistent with a higher release of oil in the rumen (Dhiman et al., 2000), which may
explain the trend to the lower proportion of milk fat for cows fed pelleted versus non-pelleted concentrates. Similarly,
supplementation with safﬂower oil, which contains 759 g of linoleic acid/kg fatty acids, results in milk fat depression when fed
at 60 g/kg DM (Bell et al., 2006). Biohydrogenation of polyunsaturated fatty acids by rumen microbes leads to CLA production
(Chilliard et al., 2007), which is linked to milk fat depression (Bauman et al., 2008). Moreover, low-producing cows such
as those used in the present experiment may  be more affected by the presence of free oil in the rumen. Indeed, Medeiros
et al. (2010) hypothesized that a higher relative importance of de novo fat synthesis (i.e., from acetate) in the mammary
gland for low producing, compared to high producing, cows may  explain why  lower doses of CLA are necessary to reduce
milk fat proportion in low producing cows. The response to CLA is short term, as shown by a 34% reduction in milk fat
proportion following 4 d of abomasal infusion of trans-10, cis-12 CLA (Harvatine et al. (2009).  According to these authors,
gene expression changes in adipose tissue suggest increased lipid deposition in this tissue.
Pelleting of concentrates containing sunﬂower seeds increased milk fat concentration of trans11-18:1 and CLA in our
experiment. Processing that liberates oil from soybean cells may  lead to lipolysis and biohydrogenation of fatty acids by
rumen microorganisms (Palmquist et al., 2005). As a result, concentrations of CLA in milk fat increases, as observed for
soybeans (Solomon et al., 2000) and as shown by higher trans11-18:1 and CLA concentrations in our experiment for cows fed
pelleted compared to non-pelleted concentrates. This also agrees with the important formation of trans FA with processing
of oilseeds that increases oil release in the rumen (Chilliard et al., 2009). In contrast, the lack of an increase in milk fat
concentration of CLA with lignosulfonate treatment of concentrates may have been the result of similar release of oil in the
rumen from the treated and untreated concentrates. Considered together, results suggest that more oil is released in the
rumen with pelleted versus non-pelleted concentrates (e.g., higher CLA proportion in milk fat), although the release may be
slow enough not to have negatively affected feed intake or digestion.
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That intake and digestibility of cows fed concentrates treated or untreated with lignosulfonate were similar agrees with
results with full fat soybeans (Neves et al., 2007) and canola seeds (Neves et al., 2009). However, lower digestibility of DM
and CP was observed for cows fed lignosulfonate treated compared to untreated whole canola seeds (Neves et al., 2009). The
lack of any effect of lignosulfonate treatment of sunﬂower seeds on milk production, milk composition and milk fatty acid
proﬁle agrees with Neves et al. (2007) who reported that the only effects of lignosulfonate treatment were trends to higher
proportions of cis9,trans11-18:2 and polyunsaturated fatty acids in milk fat of cows fed lignosulfonate treated soybeans.
Similarly, lignosulfonate treatment increases only the proportion of trans11-18:1 in milk fat of cows fed canola seeds with
no effect on milk production and milk composition compared to cows fed untreated seeds (Neves et al., 2009).
5. Conclusions
In general, lignosulfonate treatment of concentrates containing ground sunﬂower seeds had little effect on milk produc-
tion and milk composition in our cows which averaged 15.1 kg/d of milk production. This lack of response supports prior
observations that treatments such as lignosulfonate have little effect on milk production and composition of low yielding
cows (Neves et al., 2007, 2009). While cows fed pelleted concentrates had lower milk fat concentration than those fed non-
pelleted concentrates, pelleting had no effect on total tract apparent digestibility of nutrients. Pelleting had more effects than
lignosulfonate treatment on milk fatty acid proﬁle, with concentrations of trans11-18:1 and CLA being, respectively, 178%
and 200% of those found in milk fat of cows fed non-pelleted concentrates. Pelleting may  contribute to improved nutrional
value of concentrates containing ground sunﬂower seeds as a source of CLA precursors, although there is no additive or
synergistic effect between lignosulfonate treatment and pelleting.
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